This study investigates the productivity of Brazilian manufacturing industries, particularly addressing the influence of liberalization on productivity. We first calculate total factor productivity (TFP) by estimating the stochastic frontier production function and the inefficiency determination equation simultaneously. Then TFP growth rates are regressed on openness-related variables and other firm characteristics. The results show that firm openness to the world is a crucial determinant of their productivity. Data used for this study were obtained from the Investment Climate Survey, provided by the World Bank.
I. Introduction
In Brazil, following tariff reductions of the late 1980s, full-scale economic liberalization began in 1990 under the Collor government. Dramatic shifts in development policies from government intervention to market mechanisms enhanced various economic liberalization efforts very rapidly in areas such as trade liberalization, capital account liberalization, privatization, capital market liberalization and deregulation. In 1994, Brazil's persistent high inflation was suppressed by the introduction of the Real Plan, which restored the functions of price mechanisms and subsequently brought new dynamism to the Brazilian economy. Despite its financial crisis of 1999, Brazil was able to continue favourable economic performance in the 2000s because of strong global demand for natural resources and because of the expansion of domestic demand.
However, to achieve long-term sustainable growth, Brazil now confronts various challenges.
In macroeconomic terms, the following are particularly important: low domestic savings, concentrated income distribution and extreme poverty, insufficient infrastructure, inefficient financial intermediation, inadequate education systems and ineffective and inefficient institutions. Regarding microeconomic issues, it is imperative for Brazil to improve efficiency and productivity at the firm and industry level. Without overcoming these challenges, Brazil will not be able to secure long-term growth.
As described in this paper, we investigate the productivity of Brazilian manufacturing firms, particularly addressing the relation between productivity and openness. We first calculate total factor productivity (TFP) using stochastic frontier analysis (SFA). Then we examine the TFP determinants. Section 2 surveys the literature on the relation between trade liberalization and productivity in Brazil. Section 3 introduces SFA. Section 4 estimates the stochastic frontier production function and the inefficiency determination equation simultaneously to derive TFP growth rates consistently. In Section 5, regression analyses are conducted to estimate the determinants of TFP growth rates. Our hypothesis is that firms' openness to the world is a crucial determinant of their productivity. The final section is reserved for concluding remarks.
Data used for this study were obtained from the Investment Climate Survey, provided by the World Bank.
II. Literature survey of productivity in Brazil
The reasons for increased productivity attributable to trade liberalization can be regarded theoretically as follows.
(1) Correction of failures of resource allocation under protective policies:
Trade liberalization stimulates the reallocation of productive resources from low-productivity industries (or sectors) to those with high productivity, which is expected to improve macroeconomic productivity. Generally, resource reallocation occurs through exit or contraction of low-productivity firms and/or entry or expansion of high-productivity firms.
(2) Promotion of technological progress:
Trade liberalization increases capital good and intermediate good imports, which embody advanced foreign technologies. Similarly, foreign direct investment will induce technology transfers and promote R&D activities, which are expected to improve the overall level of technology of domestic industries and firms.
(3) Increase of production efficiency:
Confronting increased pressure from import competition is expected to accelerate productive and managerial improvements to survive or maintain market share, which will engender increased production efficiency. Brazil's average tariff rate was maintained at more than 50% until 1987, but a drastic tariff reduction was undertaken in 1988. The average rate was reduced to 12% in 1995. Previous studies have mainly examined the effects of tariff reduction that occurred in the 1980s and 1990s. A representative study by Ferreira et al. (2003) discussed the TFP calculated by estimating a production function using a panel data with 16 industries from 1985 to 1997.
Results show that although the average TFP growth rates among industries were negative in the 1980s, they became positive in the 1990s. Tariff reduction had a significant influence on these improved TFP growth rates, although the import ratio had no significant relation. Hay (2001b) and Rossi et al. (1999) derived the conclusion that reduction of tariffs and of non-tariff barriers in the 1990s
contributed to the improvement of TFP growth and of labour productivity in Brazil. Through empirical studies using the PIA's firm-level data, Muendler (2004) argued that imported inputs had limited impacts on productivity, although competitive pressures from abroad and the probability of bankruptcy had significant impacts on productivity.
Studies of the technical efficiency of Brazilian manufacturing industries based on SFA have been very limited to date, but Nazmi et al. (2008) Caves et al. (1982) and elaborated by Aw (2001) and Good et al. (1997) 1 . Using this TFP index, Nishijima (2009) investigated the effects of openness on productivity and found that the exporter variable and industrial dummy that represents the degree of tariff reduction of each industry had positive effects on TFP, while the ratio of imported inputs and foreign capital participation did not have significant effects.
Regarding the business environment, the instability of electricity, labour disputes and limited credit access showed significant negative effects on TFP.
1
The TFP index is the relative productivity of each firm compared to the industry-average TFP. 
where Y it denotes the output for firm i at period t; X denotes a vector of inputs
defined by the truncation (at zero) of U it inefficiency al inefficiency effect, U , in the stochastic frontier model (1) is specified in Eq oductivity with the following specific objectives.
(1) In addition to the effect of direct trade po will specifically examine factors related to firm openness: export orientation, import competition, imported capital goods and intermediate goods and FDI.
(2) Although many previous studies have calculated TFP through e production function at the macro level and industry level, we will estimate TFP using firm-level data based on SFA. Then we will analyse the determinant factors for TFP. (1977) , Aigner, Lovell and Schmidt (1977) and Battese and Corra (1977) . These three original SFA models had the same feature: a shared error term that comprises a symmetric random error and a non-negative technical inefficiency term (Kumbhakar and Lovell, 2003) . Althou early studies did not explicitly formulate a model for these technical inefficiency effects in terms of appropriate explanatory variables, some empirical papers such as those of Pitt and Lee (1981) and Kalirajan (1981) presented a two-stage approach in which the first stage involves the specification and estimation of the stochastic frontier production function and the prediction of the technical inefficiency effects, under the assumption that these ineffici effects are distributed identically. The second stage involves the specification of a regression model for the predicted technical inefficiency effects. Nevertheless, the disadvantage of the two-stage approach is that the regression in the second stage contradicts the assumption of identically distributed inefficiency effects in the stochastic frontier. To address this problem Battese and Coelli (1995) proposed a one-stage approach for panel data so that the parameters of the stochastic frontier and the inefficiency model are estimated simultaneously.
II
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Mathematically, it can be expressed as follows.
for firm i at period t; β is a vector of unknown parameters to be estimated; V it is assumed to b distributed identically and independently as uation (2) as follows.
Therein, random variable w it is defined by the truncation of the normal distribution with zero firm i at period is defined by Equation (3) as presented below.
mean and variance, σ 2 . These assumptions are consistent with U it being a non-negative Battese and Coelli (1995) proposed a maximum likelihood method for sim
The partial derivatives of the logarithm of Equation (1) The likelihood function is expressed in terms of the variance parameters.
In that equation, and respectively denote the output elasticities of 
Following Coelli et al. (2005) , the technological change (TC) index between the adjacent periods is calculated as the geometric mean of two partial derivatives.
The technical efficiency change (TEC) index is defined as shown below.
The Malmquist TFP index, which implies TFP changes (TFPC), is obtainable by multiplying TC by TEC 2 .
In the following section, we estimate the stochastic frontier function and the inefficiency equation simultaneously. Then, using the results of the estimations, we calculate the TFPC. 
IV. Estimation of Stochastic Frontier Production Function and Inefficiency Equation
In those equations, y it denotes the natural logarithm of the total market value of production for firm i (in R$) in period t. To calculate the real output value, the wholesale price index (IGP-DI) of each industry is used. x mit denotes the natural logarithm of input m for firm i at period t. In our empirical study, inputs of four types are considered: x 1it is the direct cost of raw materials (in R$) deflated by the price index of intermediate goods; x 2it is total energy cost (in R$) deflated by the energy price index; x 3it is the total number of full-time workers; x 4it is the real capital stock (in R$) calculated using the cumulative sequential addition of new investment to the base year capital stock (perpetual inventory method). The base year capital stock was obtained from the net book value of fixed assets by excluding depreciation.
In that equation, K t denotes real capital stock and I t denotes investments made during period t.
Investment was deflated by the investment goods price in period t. The remaining variables and parameters are the following: τ stands for a time trend representing technological change; z nit represents variables of firm characteristics that presumably influence technical efficiency; β s and δ s signify unknown parameters to be estimated; and the V it , U it , W it are as defined in the previous section. Table 1 presents descriptive statistics of the variables. Ranked from 1 to 5 where 1 is most using telephones for communication, and 5 is less used, and 9 is not used 1.201 0.584 1 9 4920
Internet z 13it
Ranked from 1 to 5 where 1 most uses the internet for communication, and 5 is less used, and 9 is not used 5.674 2.160 1 9 4920
Computer z 14it
The share of total workforce of the firm regularly using a computer Ranked from 1 to 3, where 1 means that the firm's technology is less advanced than that of its main competitor, 2 means the same, and 3 means more advanced. 
Efficiency determination function
The stochastic frontier production function was fitted by maximum-likelihood estimation using the FRONTIER 4.1 program (Coelli, 1996) . The null hypothesis, that the Cobb-Douglas production function is an adequate representation (β mk = β tt = β tm = 0) of our sample, was rejected by generalized likelihood ratio tests (see Table 2 ). A likelihood ratio test was also used to select the functional form between the full translog form and the translog with neutral technological change (β tm = 0). The results suggest that the translog form is suitable for our empirical study. The hypothesis that technical inefficiency effects were not present in our sample (γ = δ 0 = δ 1 = … = δ 18 = 0) was strongly rejected. Results suggest that technical inefficiency was significant for this sample. The null hypotheses that the inefficiency effects are not a linear function of firm characteristics variables (δ 0 =δ 1 =…=δ 18 =0) are also rejected at the 1% level of significance, which indicates that the joint effects of these explanatory variables on the inefficiency of production are significant, although the individual effects of one or more variables might not be statistically significant 3 .
The results of the simultaneous estimation of the stochastic frontier function and the inefficiency determination function are shown in Table 3 . The null hypotheses that variance parameters σ u 2 and γ are zero are rejected at the 1% and 10% levels of significance, respectively, meaning that inefficiency effects are stochastic.
3 Because three observations have very low TE values lower than 0.01, we checked the data and found that their output was extremely low, although input variables had high values. These data might be attributable to unexpected shocks or incorrect data. Therefore, we re-estimated the frontier by excluding these three observations. The results changed slightly. Finally, in line with a priori expectations, the export dummy has a strong positive effect on technical efficiency, which implies that export firms are more efficient than non-export firms.
Using Equations (5), (6) and (7), the annual percentage change of TEC, TC, TFPC were calculated for each firm in each pair of adjacent years. Here a negative sign of the coefficient to inefficiency means a positive impact on efficiency.
V. Determinants of TFP Growth Rates
In this section, we examine the influences of firm's openness to their productivity using TFPC.
To elucidate the effects of openness on TFPC, first we compare the averaged TFPC of more-open firms with that of less-open firms, as shown in Fig. 2 . (348) not import competing firms (2320) import competing firms (374) not foreign capital firms (2544) foreign capital firms (138) not importing firms: intermediate goods (1488) importing firms: intermediate goods (1206) not importing firms: capital goods (2420) importing firms: capital goods (274) not exporting firms (1987) exporting firms (707) Note: Numbers in parentheses stand for the number of firms. Table 5 . To investigate the effects of firms' openness on TFP growth more specifically, we define the determinant equation for total factor productivity growth. TFPC is regressed on variables as openness-related variables and other firm characteristics. Consequently, Exports, Skilled worker and Non-production worker were confirmed as endogenous variables, which are included in the equation with a one-year lag to avoid the biases caused by endogeneity. Endogeneity derives from the bidirectional causality between these variables and productivity. As presented in Table 6 , despite the introduction of a one-year lag for these variables, models (3) and (4) yield very similar estimation results to those of models (1) and (2).
Because TFPC comprises TEC and TC, as discussed using Equation (7), we conducted regression analyses of model (5) imports and Import competition have significant values for coefficients, similar to model (1)-(4), Foreign firm has a significant opposite sign and Exports has no significant relation to TEC. Therefore, for improving technical efficiency (moving the production point from inside the frontier to near or on the frontier), Capital goods imports can play an important role in introducing more efficient production methods that are expected to increase the technical efficiency of firms. Although it is difficult to interpret the results of foreign firms, results suggest that production methods and/or management style introduced by foreign firms are inappropriate for domestic firms as far as technical efficiency in production is concerned.
Regarding the firm's fixed effects, explanatory variables except for Firm age are not significant, which suggests that other explanatory variables are needed. Contrary to model (5) for TEC, the explanatory power of model (6) is very high, as in the case of TFPC, which suggests that a major part of TFPC is attributable to TC. This inference is consistent with results of Table 4 , which shows the cumulative percentage changes of TEC, TC and TFPC.
IV. Concluding Remarks
This paper presented an investigation of the productivity of Brazilian firms based on firm level data of the Investment Climate Survey, provided by the World Bank. First, we calculated the growth rates of TFP of sample firms using stochastic frontier analysis, by which we estimated the translog production function and the determinant equation of technical efficiency simultaneously. Important findings are presented below.
(1) The TFP growth rate is the sum of changes in technical efficiency (TEC) and technological change (TC). The contribution to TFP growth rate of TC (3.587) is much greater than that of TEC (0.583).
(2) Regarding determinants of TFPC, our regression suggests that openness generally led to improvement of productivity. Variables such as Exports, Capital goods imports, Intermediate goods imports and Foreign firm showed significant and positive impacts.
By contrast, Import competition showed significant and negative influence on productivity. Foreign operation was not verified to have a significant relation with TFPC.
(3) Tariff reduction also showed a significant expected sign. The index of tariff reduction was calculated using changes in tariff rates during 1993-1999, which suggests that the tariff reductions in the 1990s had significant impacts on productivity even in the 2000s, when import liberalization had already been accomplished.
(4) With respect to technical efficiency (TEC), openness variables are not influential except Capital goods imports, which implies that the explanatory variables adopted here are inappropriate or that we omitted important variables that influence technical efficiency. More evidence is necessary to interpret the results related to TEC.
Other problems remain. Although we used a one-year lag for suspected endogenous variables, it is desirable to introduce an instrumental variable (IV) method, particularly for the relation between exporting and productivity. Regarding important omitted variables, we should have considered variables related to institutions and infrastructure.
Moreover, because the Investment Climate Survey provides firm-level data of many developing countries, it is possible to undertake comparative studies to elucidate the impacts of trade liberalization under globalization. However, because productivity must have been influenced not only by trade liberalization but also by other liberalization policies implemented in the same period, it will be an important task to investigate the impacts of trade liberalization controlling the effects caused by other policies.
